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There has been a great deal of interest in the physics of colloidal suspensions [1] and among them, the colloidal crystals present very peculiar physical properties such as phase transitions under shear [2] .
Colloidal crystals [2] (c.c.) are monodisperse colloids in which the colloidal particles, through dissociation reaction in water, have strong electric charge. (Ze N 1000 e for a typical diameter ø ~ 0.1 pm). Under well defined conditions (density of particles, charge,. electrolyte concentration), the most interesting phenomenon resulting from the Coulomb interaction between particles is their ordering into a crystalline lattice with a typical lattice constant a N 1 J.1m.
As any solid, these c.c. have a finite elastic modulus (E) whose order of magnitude can be estimated [3] by multiplying U, the energy of interaction between two particles by n, the density of particles : [7] and [8] but the qualitative behaviour is reproduced here (Fig. 2) .
The main result is that, in the ordered state, the c.c.
behave like a non-Newtonian fluid, whose viscosity diminishes with increasing shear (pseudo-plactic fluid [9] ).
If we consider a stress-strain relation [7] Fig. 3) . angular velocity w (w ~ shear rate).
In the experiments [7, 8] Another experiment of shear-induced melting by Ackerson and Clark [14] has been interpreted as the slipping of two-dimensional hcp layers but in this work we assume that the whole flow is due to dislocations. Moreover, we restrict ourselves to very low shear rate regime and from the above two experiments we calculate I by studying the dislocation motion in this regime.
Theoretical approach.
We first present the general idea leading to an estimate of the macroscopic viscosity of these c.c., then we discuss the motion of a single dislocation through the theoretical description of the c.c. and results introduce these in the general scheme of the first part in order to calculate this viscosity. [13] (b · 0). [17] and for an incompressible deformation (as it is for a screw dislocation) and slow motion, the equation of motion has the following form :
where U is the local displacement of the continuous elastic medium, p is the shear modulus [16, 5] , and '1 is an effective transverse viscosity [18, 5] p being an average density of the suspension ( N 1 g em -3 ).
The velocity V = au/at describes the hydrodynamical currents induced by the motion of the dislocation, and since these currents are characterized by a viscosity '1, the power dissipated by them is simply [18] :
where For the particular problem we now consider, we look for a solution of (2) .in the form where Vo is the dislocation velocity.
Introducing (5) We can now look for a solution of (12) but since U(x', y) characterized the displacement held around a dislocation, we must add the boundary condition [13] :
where the integral is taken over a circle of radius r around the dislocation axis. (We do not now consider the exact form of f(r)).
From equation (14), we see that Uz is a multivalued function but for mathematical simplicity, we can also consider it as a uniform but discontinuous function [16, § 27] .
Suppose there is a discontinuity on the negative x-axis. The boundary condition will be written [13] : where E1 z) is the exponential-integral [20] defined by : with the properties :
and for z large : (Fig. 6 describes the effects of this motion and the discontinuity (21) of Uz). From (23) we see that, within the limit a -0, equation (22) gives : a standard result in the usual elasticity theory [ 13] .
From (22) we get an expression for V z as :
with This velocity describes the hydrodynamic currents induced by dislocation motion and as figure 6c shows, Vz is discontinuous on y = 0 for x 0.
But this discontinuity is meaningless in a discrete lattice and we interpret it as a strong change in velocity over a length b.
If and we see that above a given value, the core is vanishingly small; yet it doesnot make sense to consider a core with r, b, since we treat the elastic medium as a continuum. Therefore it seems natural at this point to add a restriction on C(xc' Yc) by requiring :
Another contribution to this dissipated power comes from the phonon interaction and periodic structure of the elastic medium as in any usual crystal. This contribution has been estimated by Leibfried [22] and Lothe [23] and an order of magnitude is given in reference [ 13] , § 7 :
where WT is the density of thermal vibrational energy An estimate of (25) (Fig. 1) in the experiment of Mitaku R1 et al. [7, 8] we can suppose a constant shear between cylinders and thus for a given w, we assume that I is constant.
We can then solve the Navier-Stokes equations [18] for such a flow, and assuming cylindrical symmetry and azimuthal flow, we find the well-known solution 2 / n2B
From (32) we get the macroscopic dissipated power [18] Before comparing (25) [7, 8] , to fix these values; this provides an order of magnitude.
If we consider Chaikin's experiment [12] , the density of dislocations is given by the minimum value necessary to reproduce the geometry of the sample. We then get [13] :
With this value of n, we can estimate the dislocation velocity through equation (35) with Vr8 )max 1 0-1 s-1 and find Võax '" 10-1 cm s-1. This is much smaller than the sound velocity and vindicates the simplification of equation (7). We have plotted the theoretical (continuous line) and experimental (dotted line) values of I as a function of w, this is shown in figure 8 .
As 
